-A188 452 CHROHRTOGRRPHIC AND RELATED REACTORSCU) WISCONSIN
NIV-MADISON DEPT OF CHEMICAL ENGI HEERING S H LANGER
07 JAN 88 ARD-20191 10-CH DARG29-83-K-8162

UNCLASSIFIED F/G 7/4 L8




X Pl e = ;™
ey ) o S ’
FAPDIN, AL

L
I ]

.,
9 Lttt el
u'/';'.'n'-'}"

'
L

o

RN

'l

ey

'.'_.

N

-r'_.

-

ot 1.0 == a
== £ 1 g
A:-',:: L- [ RIS =
¥ I 40

= ||“ £l
- == [ I3
128 e pos
o = = lli=

N _:

L&Y
oL

Voo TR RESG UTION TEST CHAR)

TR,
s

-
+

-
T ’, {

L e e )

| LA e ey
e, SRARRRRE 5

.’:
W
)




C ? T v . - . - S s A etk SR advh o8 & ol o v & " .W“.'W_'vwm'.-v“x'vwr‘T
- »

;-‘,‘_.: REPORT DOCUMENTATION PAGE
: e TES0R° 5iC.R Y C-ASSFCATIN o AETILTE VARCNIS o 4
i S . P LM -~
Ta~tassiflad
N 3 05°23u° ON A.A . A3. 7Y OF 3ESCRT
e Approved or fublic release; / .
:-*.'_ distriburion unlimited, Py /‘
. = i rayd
NN AD"A 188 452 j 5 MICN.TCANG JRGAN 2ATON EPORT NLMEERMS) i \'q
- /
7 : - D)
- . s
= ARe 2015000-CH TN
6a. NAME OF PERFORMING ORGANIZATION 6b OFiCE SYMBOL | 7a VAME OF MONITORING ORGANIZATION Nd
R Chemical Zngineering Dept. {If appiicable)
= Universitv of Wisconsin-‘‘adison ¢. S. Army Research Officd]
g 6¢c. ADDRESS (City, State, and ZIP Code) b ADORESS (City, State. and 2IP Code)
0 oy oonnson L., P. 0. Box 12211
-adison, .l 230HY Research Triangle Park, NC 27709-2211
‘-
N 8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL |9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
DAY ORGANIZATION (i applicable)
K2 U. S. Army Research Office DAAG29-83-K-0162
:\' 8¢. ADORESS (City, State, and 2IP Code) 10 SOURCE OF FUNDING NUMBERS
- P. O. Box 12211 PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO NO. NO. ACCESSION N
IV Regsearch Triangle Park, NC 27709-2211 9
) '_: 11 TITLE (Inclucte Securtty Qassification)
Y Chromatographic and Related Reactors .
e 12 PERSONAL AUTHOR(S) D
( _ Professor Stanlev Y. Lancer e
g ;‘" 13a. TYPE OF REPORT 13b. TIME COVERED _Sept. B0 J14 DATE OF REPORT (Year. Month, Day) NS. PAGE COUNT
- Tinal FROM Ot .1, L 87 1938, Januarv 7
- 16. SUPPLEMENTARY NOTATION .
-0 The view, opinions and/or findings contained in this report are those
W of Ehe authgr(s) .and shzuld not be,coqs,téfgd as an 8fficig}:9$ggrtment of the Army positiod
. 17 - COSATI CODES 18. 5U8!} TERMS (Continue on reverse if necessary and ident:ify by block number)
:_._» FIELD "GROUP SUB-GROUP | Chromatograyjhi(} "eactors, Liquid Chromatogranhy, fas Chroma-
_‘::_ — Eography, Liquid Thase, Tetrachloroterenhthalates, Kinetics,
::::: . 7 Stopped Tlow Chromatoqgranhv, Catalysis, “ethanation,é—-(-ov, er]
" "9 ABSTRACT (Cdetinue on reverse if necessary and identify by block number)
ry Several variations of gas and liquid column chromatographic reactors were
= investigated. In connection with this, new information on the kinetics and
e course of the base catalyzed esterification reaction of tetrachloroterephthaloyl
At chloride and its derivatives was obtained with Carbon-13 Nuclear Magnetic Resonance,
AN The operation and conversion in a reverse phase liquid chromatographic reactor could
;-::- be analyzed on a quantitative basis when consideration was given to the assoclative
‘ > interaction between the stationary phase and elements of the mobile phase,
":v‘,. Furthermore, the composition and models for the stationary phase could be examined on
_ﬁ-,-‘_-:'_ the basis of the kinetics of reaction of the tetrachloroterepkthaloyl derivatives.
, ,:-}:',. A related procedure for determining the phase ratio was developed, Mass transfer
::;:' limitations for chromatographic reactions were also analyzed. Incorporation of a
o void column between two packed liquid chromatographic columns made it possible to
1WTre -~
Ll decouple esterification rate constants for both the mobile and stationary phase, ol
TR, om reactor was found to be viable for conver- 4:
'*f ",,-: 20 OISTRIBUTION/ AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
Daarn s Quncuassirreounumiteo O same as R CJoTic UsERS Unclassified
.' 22b. TELEPHONE (include Area Code) | 22¢. OFFICE SYMBOL
NN LO%) Al -1\
FYY - 0 FORM 1473, 34 Man 83 APR edition May be used until exhausted. - N OF THIS PA
3 ) All other editions are obsolete.
e ~ e osolete UNCLASSIFIED
nwA
l“..' - - Iod -

() - c acp e m - . A e a " .l PR AL R TN WL UL RO T L A AL P e )
T T G R R O R A TR e LG O O R e

.h:_n “(‘,‘ - “-" C




i} .~
g
s A, A,

.,l'

',
s’ .
LI L ]

.

=
lll{'}l". ,"’ N

1

i

o
-

YR

hh R el

ML

.

(2 2 N
VDR LA

"YW EAEAS

oe'y

PN M u

%]

‘" 3 il Ll Al ahd Bl v L ARl Sl Sk S Al Sl Sl Skt A Bl S Al Bl

N .
SECURITY CLABSIFICATION OF "x 8 PA3L ‘

ML

I—ils . Dicyclopentadiene

19. (ABSTRACT) Continued

sions and operation but not amenable to quantitative analysls because of ionic
strength effects with our systems, Operation of a version of the stopped flow gas
chromatographic reactor was successful and applications to studles of catalytic
reactions were demonstrated. The rate of the CO methanation reaction even could be
measured at room temperature on supported nickel, ruthenium and cobalt catalysts,
Mass transport effects were studied in a stopped flow gas chromatographic reactor’ and
it was demonstrated that the stopped flow reactor could be utilized with Temperature
Programmed Reaction to obtain special information about effects of surface heteroge-
neity in the methanation reaction, Studies of an efficient multicolumn assembly for
measuring kinetics, illustrated for vapor phase dissociation reactions of cyclopen-
tadiene dimers, were also completed,
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CHROMATOGRAPHIC AND RELATED REACTORS

This program was directed toward expanding use of chromatographic reactors
and investigating how their applications might be broadened., Because of their
limited development, liquid chromatographic reactors received special emphasis.
Thus a number of variations of gas and liquid column arrangements util{zed as 1
chromatographic reactors were investigated and thelr operations analyzed. 1In
association with this, kinetics for several reactions and speclal separations were
also studied, These are described below in separate sections.

LIQUID CHROMATOGRAPHIC REACTORS

In the course of this work we completed an elucidation of the mechanism of
the methanolic solvolysis of our model compound, tetrachloroterephthaloyl
chloride (TCTPCl;), in both the presence and absence of organic basic catalysts such
as pyridine and 4-methylpicoline, Tt was demonstrated that the chromatographic
reactor gave special information about the course of reaction which could be
clarified with NMR. With a knowledge of the base catalyzed solvolysis rate in e
methanolic mobile phase, it was possible to obtain data which could be interpreted
to estimate the amount of methanol associated with bound hydrocarbon ligands in
the stationary phase, a type of information that is difficult to obtain by other
means, Models for the stationary phase structure were also examined with these
data. The procedure stems from a measure of k (the apparent rate
constant) for the reaction in the liquid chromsggigsgﬁic column, From this and
retention volume data it was possible to determine conversion in both the
stationary and mobile phase, However, this determination was based on "ideal"
chromatographic behavior, Such behavior turns out to be more limited in liquid
chromatography than with gas chromatography because_of mass transport processes.
This {s because these are slower (by a factor of 103) in liquid chromatography than
with gas chromatography. Because the extension of chromatographic reaction rate
measurements to reactions occurring i{n liquid chromatographic columns would expand

the applications of these systems, the effects of mass transport processes were
examined,

Commonly employed chemically bonded ODS columns were studied with the
TCTPCl, reactant under pseudo-first order reaction conditions. The physical
rate processes considered were longitudinal diffusion, micropore diffusion and
sorption-desorption kinetics across the mobile phase-stationary phase boundary.
Under the standard conditions of modern chromatography there did not seem to be
a significant effect on first order rate constants of 10~%s measured here
compared to batch reaction data at 35°C., The conclusions and models of this study
were summarized in a published manuscript,

Incorporation of a void column between two packed liquid chromatographic
columns was shown to make it possible to decouple esterification rate constants for
the mobile phase from that of the stationary phase, The value of this was discussed
and {llustrated, It was further shown that on-column rate constants in a bonded
stationary phase could be used to determine the "phase ratio" for the operating
column as well as the catalyst distribution coefficient, The results obtained
from the operational approach potentially can be expanded to other systems,

During the final part of this investigation, the stopped flow liquid
chromatographic reactor was studied and found to be operational and viable for
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conversions of TCTPCl,. However, the kinetics were resistant to quantitative analy-
sis because of ionic strength effects {n the systems that we were investigating.
Changing fonic strength not only affects the rate of reaction in the mobile phase
but it also affects the association of mobile phase with the bonded stationary
phase. Thus, the composition of the stationary phase with associated alcohol
changes also affecting the rate of esterfification in that phase,

GAS CHROMATOGRAPHIC REACTORS

Operation of a sensitive version of the stopped flow gas chromatographic reac-
tor was successful and applications to studies of catalytic reactions were
demonstrated, The rate of the CO methanation reaction was studied in the range
of 300 to 500 K., It was shown that the rate even could be measured at room tem-
perature on alumina-supported nickel, ruthenium and cobalt catalysts, Not only
were mass transport effects studied in a stopped flow gas chromatographic
reactor but it was demonstrated that the stopped flow reactor could be utilized
with Temperature Programmed Reaction to obtain special information about surface
heterogeneity in the methanation reaction, Advantages of stopped flow over steady
state reactor operation were demonstrated. The analysis of the kinetics of the
methanation reaction is complicated by what appears to be a bimodal distribution
of reaction sites, In steady state reactors it is probably the most active sites
which are responsible for conversion,

Analysis of the operation of an efficient multicolumn chromatographic reactcr
assembly for studying the kinetics of vapor phase reactions was also completed,
The kinetfics of the dissoclation reactions of dimers of cyclopentadiene and

methylcyclopentadiene were further studied to illustrate the applications of this
array,

Miscellaneous

A preliminary investigation of a potential new chromatographic packing showed
that tetrachloroterephthaloyl moieties could be most effectively bonded to silica
surfaces through a two step reaction sequence, The initial step involved bonding
aliphatic ester groups to the silica support surface through a trifunctional silicon
atom, This was followed by a transesterification procedure,

Because ortho and para-hydrogen can be separated on alumina at liquid nitrogen
temperatures and the rate of interconversion of these two species has been of
interest over the years, we attempted the separation of these species and the inter-
conversion on the new superconductors (YB!ZCU306.7). Our reasoning was that the
magnetic properties of the superconductors at low temperatures might lead to
enhanced separation of these species (since para hydrogen has unpaired spins and
might be repelled)., Despite the attraction of this idea and a number of experiments
which were encouraging we were unsuccessful during the final period of this project,
A number of experimental factors came to the fore which will have to be overcome to

really test whether or not this approach will work, We hope to get back to this
investigation,
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